Abstract -Background: Despite repeated demonstrations of asymmetries in several brain functions, the biological bases of such asymmetries have remained obscure. Objective: To investigate development of lateralized facial and eye movements evoked by hemispheric stimulation in right-handed and left-handed children. Method: Fifty children were tested according to handedness by means of four tests: I. Mono-syllabic non-sense words, II. Tri-syllabic sense words, III. Visual field occlusion by black wall, and presentation of geometric objects to both hands separately, IV. Left eye and the temporal half visual field of the right eye occlusion with special goggles, afterwards asking children to assemble a three-piece puzzle; same tasks were performed contralaterally. Results: Right-handed children showed higher percentage of eye movements to right side when stimulated by tri-syllabic words, while left-handed children shown higher percentages of eyes movements to left side when stimulated by the same type of words. Left-handed children spent more time in recognizing non-sense mono-syllabic words. Hand laterality correlated with tri-syllabic word recognition performance. Age contributed to laterality development in nearly all cases, except in second test. Conclusion: Eye and facial movements were found to be related to left-and right-hand preference and specialization for language development, as well as visual, haptic perception and recognition in an age-dependent fashion in a complex process.
Asymmetry in human cerebral hemisphere function, as reflected in a special relationship of the left hemisphere to language, has been recognized for more than a century 1 . Subsequent observations have identified other aspects of lateralization in brain tasks, such as the superiority of the right hemisphere for spatial manipulations. Despite repeated demonstrations of asymmetries in several functions, the biological bases of such asymmetries have remained obscure 2 . This aspect of brain organization, referred to as functional hemispheric asymmetry or functional specialization, is mainly noticeable in the human brain 3 . Most individuals (98 %) show right-hand preference for writing and other manual activities, which are related to cerebral dominance for language in the left hemisphere in 70 % of the cases 4 . In the other hand, it has been noticed that left-handed subjects have differences in cognitive activities and significant asymmetries when compared with right-handed subjects 5 . Biological motion, especially facial motion, provides a rich and subtle source of information on many tasks, including subject and object recognition, facial speech, and the expression of emotion 6, 7 . However, facial movements have been scarcely studied in relation to specific hemispheric stimulation. An evaluation of facial movement often plays a role in the assessment of patients with facial motor deficits, in planning facial reconstructive surgery [8] [9] [10] , and in a evaluation of neuropsychological functions associated with behavioral, language, and learning disabilities 11 . Vision of the human face is an important stimulus for recognizing characteristics of every individual, as well as his/her gender, age and race, and identifying categorical human expressions like: annoyance, happiness, sadness or surprise 12 . Visual perception depends among other variables, on the form of the object seen. It has been showed that control and visual actions are analyzed in 17 and 18 sensory cortical areas, respectively, when presentation of one object is unidimensional, thus preventing activation of all other areas in the visual cortex 13 ; on the contrary, vision of one object in movement operates 18 and 19 Brodmann areas, respectively. The nasal segment of the visual field of every eye registers the temporal half of the corresponding retina, whereas the temporal region of the visual field registers the nasal half of the retina. In the central nervous system visual pathway, the fibers of the optical nerve that come from the temporal segment of the retina carry information to the same hemisphere, whereas the proceeding ones from the nasal segment of the retina interweave in the optical chiasma and cross to the other hemisphere 14 . Some evidences suggest that eye movements and covert attention may be mediated by complex cognitive mechanisms; for example, cognitive activity produced in one hemisphere can trigger eye movements in the contralateral side 15 ; nonetheless, this evidence requires additional supporting research. Body laterality has distinguished human beings for centuries as a rather exclusive feature of man, in difference with many other species. The causes of this are under research and explanations vary from fetal position during pregnancy to faster maturation of one cerebral hemisphere 3 , these facts has been matter of research for many groups of neurologists.
Thus, in this study, we chose to investigate development in a short life-time period, facial and eye movements evoked by preferential hemispheric stimulation in a sample of right-handed and left-handed healthy school children. Our working hypothesis was: left-handed children have preference for eye and facial movements towards the left side of the face, whereas right-handed children more frequently show eye and facial movements towards the right side, and this effect will depend on age.
METHOD

Subjects
The sample was selected from healthy 8 to 10 year-old school-age children. We tested 50 school children from a public school with the following characteristics: age within the range Afterwards, the children's vision was occluded by a black wall that covered the full-visual field, and geometric objects were presented separately to each the right or the left hand for haptic hemispheric-prefer recognition. Children were asked to answer in recognition of each object, and correct answers as well as misspellings were recorded (Fig 1) .
Next, the left eye and the temporal half visual field of the right eye were occluded with special goggles, and children were requested to assemble a three piece puzzle with the left hand.
Afterward, the right eye was occluded as well as the temporal half visual field of the left eye, and the children were asked to perform the same assembly task with the right hand (Fig 2) .
Videotape recordings and analysis
All tests were performed beginning with the ipsilateral side of the dominant hand in the Edinburg' s test. Simultaneous videotape recordings of facial and eye movements while the subject performed each task were employed. Eye and facial movements 
RESULTS
Twelve male and 13 female right-handed children were analyzed, while the left-handed group consisted of 11 male and 14 female children. Mean (± standard deviation, SD) of age of right-handed children was 100.96±10.83 months and of left-handed children, 109.76±11.50 months. Average of Edinburgh test quotients of right-handed children was 84.4, while of left-handed children was 22.
Percentages in each sub-test of preferent hemispheric stimulation yielded significant differences between both groups of children in discrimination of the tri-syllabic word test when comparing right and left eye movements, right-handed children demonstrated higher discrimination percentages (Table 1) . Latencies of facial and eye movements in each preferent hemispheric stimulation sub-test are shown in Table 2 . Left-handed children spent significantly more time in recognizing mono-syllabic words (t= -2.03, p=0.048).
Using logistic regression, hand laterality correlated only with recognition of tri-syllabic words (r=0.489, p=0.027). In ANOVA tests, we found evidenced for significant contribution of age to laterality within subjects in the mono-syllabic recognition test (F=4.52, df=1, 4.62, p=0.041), geometrical figure recognition in the contralateral hand test (F=6.16, df=1, 6 .22, p=0.018), and puzzle assembly in the contralateral vision field test (F=5.30, df=1, 5.60, p=0.027).
DISCUSSION
Right-handed children exhibited higher percentages of eye movements to the right side when stimulated by tri-syllabic words, while left-handed children demonstrated higher percentages of eye movements to the left side when stimulated by tri-syllabic words. Left-handed children spent more time in recognizing mono-syllabic non-sense words. Hand laterality correlated with tri-syllabic word recognition performance. Age contributed significantly to laterality development in nearly all tests with the exception of the tri-syllabic word recognition test. To our knowledge this is the first study which correlated facial and eye movements with brain lateralization.
Right-handed children showed higher percentages of eye movements to the right side due specialization of left hemisphere for language decoding. Many research articles support left hemisphere dominance for language recognition, including for example those performed by Steinmetz et al., who showed that planum temporale asymmetry correlated with hand dominance 21 , left-handed individuals had a lesser degree of leftward asymmetry than righthanded individuals, as revealed by magnetic resonance imaging (MRI). Recently Mäkelä et al., studied N-100 magnetoencephalographic (MEG) responses to constant-formant vowels and diphthongs with formant transitions: all the stimuli elicited prominent auditory N-100 responses, but the formant transitions resulted in latency modulations specific to the left hemisphere 22 . As expected from a review of the literature and the investigations quoted above, left dominance for language in our right-handed children induced more right-side eye movements when sense words were used as stimuli; contrariwise, left-handed children showed greater frequency of left-side eye movements for language stimuli as a result of their incomplete left-hemisphere dominance for speech processing.
The longer time used in mono-syllabic non-sense words recognition by left-handed children may be attributed to incomplete left-hemisphere specialization and difficulties for mastering language, verbal fluency, or linguistic-processing speed, as has been proposed for children with language delay and developmental learning disorders 23, 24 . Although the left-handed children studied are asymptomatic and exhibit good school performance, our data suggest that this group of children is at high risk for language-reading difficulties. On the other hand, Knetch et al., suggested that atypical hemispheric specialization for language is not associated with major impairments of linguistic faculties in healthy subjects 25 . Thus, additional research is need to lend support to this finding.
Hand laterality correlated with word recognition. This fact confirms previous data from the literature supporting the role of left-hemisphere specialization for language dominance in right-handed subjects, as shown by Wyllie et al., utilizing intracarotid amobarbital administration in the language-dominance test and its correlation with cortical stimulation 26 , and by Schwartz et al., during recordings of electroencephalographic activity after craniotomy of right-handed patients with epilepsy 27 . A study performed by Holloway et al., related the sensoriomotor response to hand dominance, patients were tested by means of sensory-motor hand preference and simultaneous functional magnetic resonance imaging (fMRI), and the authors observed that in the majority of the studied subjects, cortical activation was contralateral to the prefered hand 28 .
Hand-preference development has been shown to be age-dependent, especially in the earlier stages of childhood. For example, Curt et al. found in 765 pre-school children that hand-asymmetry distribution for one moving task and for a graphic test was mainly age-dependent 29, 30 as observed also by our data.
Development of handedness and lateralization, and the relationships of these abilities to additional bodily functions, is a complex and not well-known process 31 . For example, auditory perception and its relationship to other lateralized functions is not well known, but deserves more attention in future research.
This study presents some limitations, including the low number of subjects studied, and the cross-sectional study design employed, which could have been improved by the use of a prospective follow-up. These points merit additional attention in future works. Notwithstanding this, we learned that interactions between lateralization of eye and facial movements is a complex, age-influenced process, a process wich will be studied in greater detail in future works. 
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